ABSTRACT.-Botrychium tunux and Botrychium yaaxudakeit, new species of moonworts currently known only from southern Alaska, are described and illustrated. These ferns are distinguished from B. lunaria, with which they have been confused, by allozyme data and their morphological characteristics. Ploidy levels of B. tunux (diploid) and B. yaaxudakeit (tetraploid) are inferred from allozyme patterns. A key to Alaskan moonworts is presented.
Farrar's analysis identified B. minganense, B. lunaria, and two moonworts previously unknown to science. These new moonworts, a diploid and an allotetraploid, resemble B. lunaria most closely in morphology, but are distinct genetically and morphologically from all other known moonworts. To our knowledge the diploid has not been previously collected. Previous collections of the tetraploid had been included in B. lunaria.
Genetic comparison of B. tunux with B. lunaria at 18 allozyme loci yielded a value for Nei's (1978) genetic identity (GI) of 0.5102 (Farrar, unpubl. data) . This represents a level of genetic similarity only slightly greater than that between B. lunaria and B. simplex (GI40.4646) and is significantly less than the similarity between B. lunaria and its sister taxon, B. crenulatum (GI40.7015). Absence of fixed heterozygosity at any enzyme locus implies that plants of B. tunux are diploid. Presence of fixed heterozygosity and a spore size significantly larger than that of B. lunaria implies that plants of B. yaaxudakeit are tetraploid. Allozyme patterns also show that one ancestral diploid parent of B. yaaxudakeit is North American B. lunaria; the other ancestral diploid is probably not among the known North American diploid species. Preliminary investigation of European B. lunaria indicates that B. yaaxudakeit may be the result of ancient hybridization between genetically distinct North American and Eurasian genotypes of B. lunaria.
KEY TO Plantae supraterraneae 6-12 (ave. 9) cm altae; stipites communes 0-3 (ave. 1.5) cm longi. Trophophora flavovirentes coriaceae oblongae. Paria pinnarum plus minusve perpendicularia ad rhachim, separata vel leviter imbricata; pinnae basales 7-20 (ave. 13) mm longae, 7-18 (ave. 12) mm latae, sessiles, flabellatae, angulo ad basim 120-180°, saepe asymmetricae, parte basali expanso, margine externa integra vel interdum lobata, sinibus rotundatis. Stipites sporophora 2.5-5 (ave. 4) cm longi, trophophoria aequantes vel breviores. Sporae 38-42 lm diametro.
Rhizomes erect, unbranched, their apex 2-5 cm below the soil surface, bearing 6-22 (ave. 14) fleshy roots; gemmae absent. Above-ground plants 6-12 (ave. 9) cm tall with a common stalk 0-3 (ave. 1.5) cm long. Trophophores yellow-green, leathery; stalks 0-1 cm long; blades 2.5-7 (ave. 4) cm long, 2-4 (ave. 3) cm wide, narrowly ovate to ovate, once pinnate. Pinna pairs 4-6, more or less perpendicular to the rachis, separated to slightly overlapping, not overlapping the rachis. Basal pinnae 7-20 (ave. 13) mm long, 7-18 (ave. 12) mm wide, sessile, fan-shaped spanning an arc of 120-180°, often asymmetrical, with the basal portion expanded; basiscopic inner margins straight to shallowly concave; outer pinna margins entire or occasionally incised or lobed with rounded sinuses; veins dichotomous, 3-5 major veins entering the pinna base, 45-55 veins ending at the margins. Sporophores 5-10 (ave. 7) cm long; sporophore stalks 2.5-5 (ave. 4) cm long and shorter than or equaling the length of the trophophore; sporangiabearing portion erect, 1-2-pinnate, broadly ovate in outline, branches 4-6, ascending to spreading, especially the lowermost, which are often twisted such that the sporangia project downward; sporangia partially embedded in the distally thickened sporangiophore branches. Spores 38-42 (ave. 40) lm in longest diameter, released later than those of B. lunaria. Apparently diploid.
This species is morphologically most similar to B. lunaria, from which it can be distinguished by its short stature, short common stalk, frequently stalked, ovate trophophore, asymmetrical pinnae with their basiscopic side expanded, entire margins commonly cleft by shallow incisions with rounded sinuses, and sporophore stalks seldom exceeding the height of the trophophore (Figs. 1c, 2c) . Botrychium lunaria is taller in stature (to 12 cm), has a longer common stalk (to 3.5 cm), and has an oblong to narrowly elliptic, generally short-stalked or unstalked trophophore. Its fan-shaped pinnae are FIG. 1. Illustrations of three species of Botrychium showing the differences in stature and morphology. Fig. 1a . B. yaaxudakeit. Fig. 1b . B. lunaria. Fig. 1c . Botrychium tunux.
generally symmetrical, or if they are asymmetrical, the acroscopic side is larger, and if cleft, the clefts have acute sinuses, and the sporophore stalks at maturity usually exceed the height of the trophophore (Figs. 1b, 2b) . Botrychium tunux is known from four locations in the Yakutat area: Point Carrew near the village of Yakutat, Blacksand Spit off the mouth of the Situk River, Akwe beach, and the northwest shore of Dry Bay, all on the Yakutat forelands, an area 80 km long extending between Pt. Carrew and Dry Bay in habitats adjacent to saltwater but not influenced by saltwater inundation. Searches for B. tunux in similar habitat on the Copper River Delta barrier islands, some of the Malaspina Glacier forelands, Cross Sound, Icy Strait, Glacier Bay and Lynn Canal areas were unproductive, although other Botrychium species were found. We believe potential habitat for both of the new species extends along the Alaska coastline for 250 km in either direction from Yakutat. Because the area is frequented by storms and accessible only by aircraft capable of beach landings, this coastline is botanically underexplored. A single collection of six plants from the Nutzotin Mountains ca. 13 km northwest of Chisana (ca. 305 km. NNW of Yakutat) differ somewhat genetically and morphologically from the coastal B. tunux, but may be a conspecific population long isolated from coastal plants.
In the Yakutat area, B. tunux grows in habitats ranging from open sand on dunes and upper beaches to well drained upper beach meadows with sandy substrates (Figs. 3b-d) . The plants may occur as scattered individuals or in loosely associated groups. Vascular plants most commonly associated with B. tunux include Achillea borealis, Festuca rubra, Fragaria chiloensis, Gentianella amarella, Leymus mollis, Lupinus nootkatensis, Oxytropis campestris, and Rhinanthus crista-galli. Bryophytes commonly found with B. tunux include Ceratodon purpureus, Racomitrium canescens, and Rhytidiadelphus squarrosus. The moonworts B. ascendens, B. lunaria, B. minganense, and B. yaaxudakeit also grow in these meadows. Vascular plant and bryophyte cover can range from a trace to 100%, with the percent cover and species number increasing landward. These vegetation assemblages are early seral stages (Fig. 3d) . Beaches in the Yakutat area are formed by longshore sand deposition or isostatic rebound and tectonic uplift. Picea sitchensis and Alnus viridis colonize the meadows and develop into Picea sitchensis forests FIG. 2. Pressed specimens of Botrychium clipped just above ground level, from the type locality of the new species near Yakutat, Alaska. Fig. 2a . Botrychium yaaxudakeit. Fig. 2b . B. lunaria. Fig. 2c . B. tunux. (Fig. 3d) , while new meadows develop on recently formed land to the seaward (Shephard, 1995) .
Related plants in the Nutzotin Mountains were widely scattered on a sparsely vegetated southwest-facing slope in the Gold Hill vicinity at an elevation of about 1615 m on alpine scree slopes. Vascular plants at this location include Erigeron caespitosus, Senecio cymbalaria, Arnica frigidia, Silene uralensis subsp. uralensis, Anemone drummondii var. lithophila, and Elymus trachycaulus subsp. violaceus. The moonworts B. ascendens and B. minganense also grow on this scree slope. Further study of plants from this and similar inland sites is needed.
In reviewing herbarium material and literature, we found no prior collections for B. tunux. Neither Coville (1895) nor Stair and Pennell (1946) mention any species of Botrychium in their papers describing the flora of the Yakutat area. According to their reports, they likely visited the type locality. During the 1899 Harriman Alaska Expedition, Coville and Kearney collected B. lunaria in Yakutat Bay (Merriman, 1910) , and in 1904 C. V. Piper collected what appears to be B. yaaxudakeit at the type locality. We suspect that B. tunux may not have been collected because of its dwarfed and malformed appearance relative to the larger B. lunaria and B. yaaxudakeit, with which it grows.
The epithet tunux was chosen by the elders of the Yakutat Tlingit people and honors Tunux, the Tlingit warrior who initiated the 1805 attack on the Russian fort located near the type locality. As a result of the battle, the Russians were removed from Yakutat and never returned. Plantae supraterraneae 8-25 (ave. 18) cm altae; stipites communes 1-5 (ave. 2.5) cm longi. Trophophora viride nitidae coriaceae ovatae. Paria pinnarum plus minusve perpendicularia ad rhachim, valde imbricata; pinnae basales 7-30 (ave. 18) mm longae, 9-32 (ave. 20) mm latae, breviter petiolatae, late flabellatae, angulo ad basim 180-250°, plerumque symmetricae; margine interna basiscopica valde recurvata; margine externa integra vel undulata vel interdum denticulata, interdum fissurata sinibus angulatis. Stipites sporophorora 5-9 (ave. 7) cm longi, excedentes trophophoria. Sporae 43-49 lm diametro.
Rhizomes erect, unbranched, their apex 2-4 (ave. 5) cm below the soil surface, bearing 5-24 (ave. 13) fleshy roots; gemmae absent. Above-ground plants 8-25 (ave. 18) cm tall, with a common stalk 1-5 (ave. 2.5) cm long. Trophophores green, leathery; stalks 0-0.5 cm long; blades 1.75-11 (ave. 7) cm long, 1.25-6 (ave. 4) cm wide at the base, oblong to ovate, once pinnate. Pinna pairs 4-7, angled toward the apex, strongly overlapping one another, the anterior portion overlapping the rachis. Basal pinnae 7-30 (ave. 18) mm long, 9-32 (ave. 20) mm wide, short-stalked, fan-shaped, spanning an arc of of 180°to 250°, usually symmetrical; basiscopic inner margin strongly recurved; outer pinna margins entire to undulate, occasionally denticulate or occasionally shallowly cleft with angular sinuses; veins dichotomous, 3-5 major veins entering the pinna base, 90-120 veins ending at the margins. Sporophores 8-18 (ave. 14) cm long; sporophore stalks 5-9 (ave. 7) cm long and longer at maturity than the length of the trophophore; sporangia-bearing portion erect, 1-2 pinnate, broadly lanceolate to narrowly ovate in outline, the branches 6-8, basal branches ascending and not twisted. Spores 43-48 (ave. 45) lm in longest diameter, released earlier or at about the same time as those of B. lunaria. Apparently tetraploid.
This species is morphologically most similar to B. lunaria, from which it can be distinguished by its taller stature, shorter common stalk, more ovate trophophore, and strongly overlapping pinnae that also overlap the rachis. Its basal pinnae are often short-stalked with a span of over 180°and have strongly recurved basiscopic inner margins (Figs. 1a, 2a) . Botrychium lunaria is shorter in stature (12 cm), has a longer common stalk (3.5 cm), oblong to narrowly ovate, usually unstalked trophophores, and pinnae that generally do not strongly overlap one another or the rachis, are sessile with a span of less than 180°, and have slightly concave basiscopic inner margins (Figs. 1b,  2b ). The spores of B. yaaxudakeit are significantly larger than those of B. lunaria. In southeastern Alaska, B. yaaxudakeit is known from seven locations. Four of these are the same Yakutat locations where B. tunux grows. Searches for B. yaaxudakeit in similar habitat on the Copper River Delta barrier islands, some of the Malaspina Glacier forelands, in Cross Sound, Icy Strait, Glacier Bay, and Lynn Canal areas resulted in B. yaaxudakeit discoveries at three sites in Glacier Bay. The Yakutat habitats are described in the B. tunux section of this paper and pictured in Figure 3 . In Glacier Bay, B. yaaxudakeit was found in three areas, near Rush Point, north of Gloomy Knob at the outlet of Vivid Lake, and near the mouth of Tarr Inlet, in habitats ranging from gravelly, sandy upper beaches to lush, well drained upper beach meadows with sandy substrates. The plants occur as scattered individuals or in
